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Summary

With its mountain-to-coast hydroclimate, strong influence of Pacific Ocean weather systems and

climate patterns, and unique land use history with strong rural-to-urban gradients, the Puget

Sound region is a natural laboratory for studying a number of complex processes in, and

interactions among, different Earth and human systems. A 1-year scoping study was initiated by

the Earth and Environment al Systems Modeling prog
of Science Biological and Environmental Research. It was intended to elucidate and highlight

the rich opportunities Puget Sound offers to advance our understanding of and ability to

simulate Earth system changes and human-Earth system interactions. A literature review, multi-

day community workshop, and external input were used to develop this scoping study report.

The report first summarizes scientific understanding and knowledge gaps associated with major
regional systems, including atmosphere and climate, the land surface, coastal and marine
processes, and human systems, as well as how these systems are changing over time. It then
highlights some of the most notable extreme events in the region, including heat waves,
atmospheric rivers, droughts, and wildfires. Finally, key research opportunities for Earth and
environmental systems modeling in, above, and around Puget Sound are highlighted.
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1.0 Il ntroducti on

The Puget Sound region is located near the northwest corner of the contiguous United States in
the state of Washington and has a shoreline of more than 2,500 miles. Puget Sound is the
second largest estuary in the United States, with a drainage area of about 30,000 km? (Figure
1), and is part of the larger Salish Sea, which also includes the Canadian waters in the Strait of
Georgia as well as the Strait of Juan de Fuca. The region is characterized by complex terrain,
with the Olympic and Cascade mountain ranges straddling a highly populated coastal plain
(Figure 2), and features diverse land covers ranging from densely forested uplands to highly
urbanized lowlands. It is home to a rich and diverse set of terrestrial, aquatic, and coastal
ecosystems ranging from alpine glaciers to rich shellfish beds to some of the most productive
conifer forests in the world (Quinn 2010). The Puget Sound region supports a population
approaching five million people, including 29 Native American tribes. The region is a major hub
for fishing, forestry, technology, and trade, and its hydroclimate, ecological, transportation,
communication,andener gy systems are strongly influenced by
and topography, as well as by connections to other West Coast states and international waters.

PugetSoundPartnership
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Figure 1. Puget Sound watershed boundary (Source: Puget Sound Partnership).
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Figure 2. Population density, relative population distribution, and relative land area distribution
across different elevation bins in the Puget Sound region. Based on data from the
2020 United States Census and USGS National Elevation Dataset.

With its mountain-to-coast hydroclimate, strong influence of Pacific Ocean weather systems and
climate patterns, and complex land use history with strong rural-urban gradients, the Puget
Sound region is a natural laboratory for studying the complex interactions among human and
Earth systems. Water is a particularly important resource that connects many systems across
the region, including hydropower generation, the transport of sediment and pollutants, aquatic
and marine ecosystem dynamics, shipping, and commercial and recreational activities. The
Puget Sound region (along with the broader Pacific Northwest) is experiencing a wide range of
long-term stresses such as changing atmospheric circulation patterns, sea level changes,
declining snowpack, glacial retreat, population growth, aging infrastructure, and land use and
land cover changes characterized by substantial logging and urbanization. The region also
experiences high-impact extreme events, many of which are increasing in frequency or
intensity, including AR, floods, droughts, wildfires, and heat waves.

The Puget Sound region is also quite geologically active. A number of faults crisscross the
region and several major earthquakes have struck over the past several decades, including the
magnitude 6.8 Nisqually earthquake in 2001. Even larger megathrust earthquakes originating at
the Cascadia subduction zone in the Pacific Ocean are capable of producing earthquakes
exceeding magnitude 9 and triggering large tsunamis (see, e.g., Garrison-Laney and Miller
2017). The region is also well known for its volcanoes, especially Mount Saint Helens, which
erupted explosively in 1980, and Mount Rainier, which some consider the most dangerous
volcano in North America (Scott et al. 1995). Land areas in the highly populated Puget Sound
lowlands are dominated by glacial sediments, and the steep shoreline common across Puget
Sound are prone to landslides (Karlin et al. 2004; Smith 2012). These geological threats are
notable because they mean the region has experience in preparing for and responding to
extreme events, and some of the preparedness and adaptation measures (e.g., reducing
shoreline vulnerability and landslide risks) associated with these geologic risks could be
synergistic with efforts to reduce vulnerability to climate change and extreme weather events.
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1.1 Purpose and Scope

To elucidate and highlight the rich opportunities that the Puget Sound region offers to advance
our understanding of and ability to simulate Earth system changes and human-Earth system
interactions, a 1-year scoping and pilot study was initiated in fall 2021 by the Earth and
Environmental Systems Modeling (EESM)pr ogr am of t he Department of
Office of Science Biological and Environmental Research (BER). DOE-BER is currently
investing in major coastal research efforts in the mid-Atlantic, Great Lakes regions through the
Integrated Coastal Modeling (ICoM), Coastal Observations, Mechanisms, and Predictions
Across Systems and Scales (COMPASS), and Interdisciplinary Research for Arctic Coastal
Environments (InteRFACE) projects, respectively, along with a number of additional synergistic
efforts focusing on specific coastal processes and domains. DOE has also defined an even
broader set of coastal research priorities (DOE 2017) and worked as part of an interagency
team to define broader priorities for coastal modeling (USGCRP 2020). The Puget Sound region
offers a unique context to further advance our understanding of coastal systems, with its West
Coast climate regime, sharp topographic gradients, and unique ecosystems, land use patterns,
and energy systems. However, the coastal context is only one way to characterize the many
research opportunities in and around Puget Sound; a similarly rich set of important research
guestions exists for regional atmospheric, terrestrial, and human systems, as well as the
interactions across these domains. Indeed, many of the topics identified in this report can also
be found among the research gaps and opportunities identified in a recent multi-agency
workshop report on hydro-terrestrial modeling (Community Coordinating Group on Integrated
Hydro-Terrestrial Modeling 2020), recent DOE workshops on Mountainous Hydroclimate and
Urban Scale Processes, and the MultiSector Dynamics 2030 Vision (Reed et al. 2022), as well
as other research scoping efforts.

As part of the scoping study, a multi-day workshop was held in March 2022 to engage the
community in developing a deeper appreciation of the current state of knowledge regarding
human and Earth system dynamics in the Puget Sound region; identifying gaps in scientific
understanding, modeling capabilities, measurements, and data; and defining key research
needs and opportunities in observing, modeling, and analyzing regional climate, extreme
events, and multisectoral dynamics. The scoping study also includes attention given to
comparing and contrasting Puget Sound features and research needs with other regions to help
identify transferable and generalizable research questions. The ultimate goal of the study is to
highlight some of the most promising research opportunities for enhancing scientific
understanding of key processes and interactions in the Puget Sound area, with an emphasis on
topicst hat are aligned with DOE6és programmatic and

1.2 Report Contents and Organizati on

The ensuing sections of this report begin by describing the scoping study approach (Section
2.0). Next, regional systems of interest are described, including the associated scientific
understanding and knowledge gaps related to atmosphere and climate, the land surface,
coastal and marine processes, and human systems, as well as how these systems are
changing over time (Section 3.0). Section 4.0 highlights some of the most notable extreme
events in the region, including heat waves, AR, droughts, and wildfires. Finally, Section 5.0
presents key research opportunities for Earth and environmental modeling. Appendix A and
Appendix B respectively contain the related workshop flyer and agenda.
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20 Scopi ng ARtpudya c h

A multi-pronged, integrated approach was adopted for the scoping effort. As shown in Figure 3,
this approach consisted of a pre-scoping phase, which included a preliminary literature review
and formation of a scientific steering committee; a community engagement phase, which
included a multi-day workshop with interdisciplinary experts; a synthesis phase, which combined
the literature review, findings from the workshop, and input from the steering committee and
other experts to provide an overview of the state of the science, knowledge gaps, and key
research opportunities; and an outreach phase, which will include dissemination of this report
and its findings via various mechanisms and venues.

Pre-Scope

Community Engagement

Literature review

and scientific Synthesis
steering committee | Workshop with Outreach
formation guided and open Community

discussions highlights on state

of the science and
knowledge gaps

Report
dissemination

Figure 3. Approach to conducting the scoping study.

A review of relevant peer-reviewed scientific literature was conducted in preparation for the
workshop. The process, search terms, and themes are shown in Figure 4. This review was
intended to provide a reference bank and general overview of ideas and resources to draw from
when organizing the workshop as well as support the review of the current state of the science
and knowledge gaps in this report. A general search using thematic search features in the
Scopus database was used to identify any themes that may be missing, as well as papers that
may not fit a specific theme. A thematic search was conducted to focus on particular topics,
using a keyword theme list. Additional papers were added from the Connected Papers tool,
identified by the science committee, or referred to during the workshop. Following the workshop,
additional papers were collected to assess claims made during workshop sessions to aid in the
validity of this workshop report and to supplement the general content about topics discussed.
In total, 221 papers were collected and saved in an EndNote library as part of the pre-scope
review, and a total of 394 references from the pre-scope review and the full scoping study were
compiled into a reference list™.

1 A complete reference list from the scoping study can be found at
https://docs.google.com/document/d/1sljE4i 5040GdJ47EASbHaWGunSw1qz82h-iYBLjalLE/edit#
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Thematic Scopus Search

General Scopus Search (TITLE-ABS-KEY (puget AND sound ) OR TITLE-ABS-
( TITLE-ABS-KEY ( puget AND sound ) OR TITLE-ABS-KEY ( KEY ( salish AND sea)) AND TITLE-ABS-
salish AND sea)) AND TITLE-ABS-KEY ( model ) AND ( KEY ( model ) AND TITLE-ABS-KEY ( )
SUBJAREA ( ceng OR chem OR comp OR eart OR ener OR
engi OR envi OR bioc)) AND PUBYEAR > 1999 AND (
LIMIT-TO ( PUBSTAGE , "final") OR LIMIT-TO ( PUBSTAGE Acidification Flood Sediment
, "aip")) AND ( LIMIT-TO ( AFFILCOUNTRY , "United States" ) Air quality Forest Snow
) AND (LIMIT-TO ( DOCTYPE, "ar") OR LIMIT-TO ( DOCTYPE Atmospheric rivers  Hydrology Streamflow
, "cp") OR LIMIT-TO ( DOCTYPE, "re")) AND ( EXCLUDE ( Carbon Hypoxia Temperature
SUBJAREA, "AGRI") OR EXCLUDE ( SUBJAREA, "MEDI") Circulation Land use Topography
) AND (LIMIT-TO ( LANGUAGE , "English" ) ) Climate Change Precipitation Upwelling
Coastline Rain on snow Water quality
Energy Runoff Wildfire
Additional Papers .
1. Identify seminal papers for core themes using Connected Papers =
2. Request key papers from workshop committee ® b ®
3. Added papers referenced in workshop e ] »
o ® o @
R - *
e - ® o "
:'® — ]
L ]
o ® e
[ % [ ]
[
. . . Ef.fects of mid-twenty-first century  s5jsh sea Response to Global Climate
PFE' Imina ry REVIEW c:m:tzar;d Ianc: c:ver change 02 Change, Sea Level Rise, and Future
) ) . the hydrology of the Puget Soun Nutrient Loads (Khangaonkar et al.
. Compiled papers in EndNote Library basin, Washington (Cuo et al. 2011) 2019) ( g
. Review title and abstract for relevance

Figure 4. Pre-scope literature review methods and outcomes. See text for details.

Based on the results of the literature review and their personal knowledge and experience, the
scientific steering committee worked with the project leadership team and DOE program
managers to design a multi-day workshop that would focus on identifying key knowledge gaps
and research opportunities in the Puget Sound region (see Appendix A). The workshop was
held over three consecutive Mondays in March 2022 using the Zoom.gov platform. A total of 62
individuals participated over the three days. Workshop participants included experts from many
different academic disciplines and with diverse professional experience representing
universities, federal and state agencies, and key nongovernmental and private sector groups,
including individuals who work with stakeholders and bring experience in co-production of
knowledge and data to advance and expedite science-to-solutions and research-to-operations-
to-research endeavors.

The workshop was organized based on topics identified by the scientific steering committee
because they were compelling research gaps that could serve as an effective focus for
discussion (see Appendix B). On the first day, the focus was on extreme events in the Puget
Sound region, including heat wave and cold-air outbreaks, extreme precipitation and floods, and
droughts and wildfires, as well as the interactions of these stressors with human and natural
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systems in the region. Plenary speakers provided context and some starting points for both
plenary and breakout group discussions. A structured Google Jamboard was used to guide
discussion and collect information in breakout groups. On the second day, the focus was on
some of the key drivers of changes in the integrated human-Earth system in and around Puget
Sound, specifically hydroclimatic drivers, atmospheric drivers, and evolving human systems.
Plenary speakers again provided context from both the climate and human systems
perspectives, and a structured Jamboard was used to guide and capture breakout group
discussions. The third day consisted of moderated open discussion to distill knowledge gaps
and a group-edited google document was used to identify and capture cross-cutting challenges
and opportunities. Throughout these discussions, there was an emphasis on identifying
knowl edge gaps that aligned withEEENhe obj ectives

After the workshop, the author team and scientific steering committee continued to interact
regularly to refine and distill the discussions at the workshop. We developed written summaries
of the discussions during the various breakout sessions, contacted a handful of additional
experts to reflect perspectives that were not well represented at the workshop, and invited the
plenary speakers and other workshop participants to provide additional materials and review the
draft report. The document reflects this broad range of input, but decisions regarding the final
content were ultimately the responsibility of the author team.

Scoping Study Approach 6



PNNL-33081

30 Regi onal Systems of I nterest

31 At mosphere and Climate

The Puget Sound region features a maritime climate with wet winters, dry summers, and
generally mild temperatures. These and other characteristics are well documented in a large
number of online resources (e.g., Encyclopedia of Puget Sound) and peer-reviewed
publications. The region is strongly influenced by large-scale variability patterns such as the El
Nifilo Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO) (see, e.g., Moore
et al. 2008 or Mote 2003). These patterns have a pronounced influence on seasonal and annual
precipitation as well as on extreme hydrologic events such as flooding in the many rivers that
drain into Puget Sound (as discussed later in this report). The influence of climate change in the
region has also been extensively studied. For example, it is generally accepted that air and
water temperatures will warm and that this warming will lead to a higher fraction of winter
precipitation falling in the form of rain, leading to cascading changes in land surface hydrology,
water resources, and a host of impacts on human and natural systems (Balling et al. 2011,
National Climate Assessment 2014, 2018). However, workshop participants noted that work is
still needed to better understand potential changes in a variety of large-scale atmospheric
circulation patterns and coupled Earth system processes that could have a significant influence
on Puget Sound, its watersheds, and their inhabitantsd changes such as shifts in patterns such
as the PDO and/or ENSO, shifts in storm tracks, or changes in the coastal ocean that influence
atmospheric temperature and moisture.

The complex topographic and geographic gradients around Puget Sound often necessitate the
use of high spatiotemporal resolution to understand key processes within and across
atmospheric, terrestrial, and coastal systems. Downscaling has thus been a key tool for
understanding climate variability and change in the region (Gutmann et al. 2014; Jiang et al.
2018). Nested dynamical or quasi-dynamical models using outputs from global climate models
(GCMs) and Earth system models (ESMs) can improve the representation of orographic
features and fine-scale atmospheric processes, and hence the details of regional precipitation
patterns (see Figure 1 for an example in an adjacent region). Statistical-empirical or hybrid
approaches can also be useful for assessing the potential impacts of climate change. However,
there is no consensus on the best downscaling methods or products for representing specific
climate processes or variables (a topic currently receiving attention from the DOE-funded
HyperEACETS project), although there have been a few intercomparison studies on
combinations of GCMs and downscaling to understand changes in climate in complex terrains
(Wood et al. 2004; Mendoza et al. 2015). Additionally, downscaling methods cannot correct all
of the errors or biases in large-scale models, they can introduce their own biases, and they fail
to incorporate potential upscaled (i.e., regional-to-g | obal ) f e e dBnaegy KxsscaleDOE 6 s
Earth System Model (E3SM) has the ability to seamlessly resolve features at high resolution
through regional refinement in a global simulation domain (see, e.g., Tang et al. 2019), and the
Simple Cloud-Resolving E3SM Atmosphere Model (SCREAM; Caldwell et al. 2021) has an
ultra-high-resolution convection-resolving configuration capability. Both of these tools could be
valuable for exploring some of these processes and uncertainties, and the complex landscapes
around Puget Sound could serve as the perfect testbed for comparing and contrasting different
modeling and downscaling approaches, including the use of multiscale modeling hierarchies.
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Figure 5. Comparisons of winter (December-January-February) precipitation between regional
climate models with variable resolutions and the reference data set from PRISM
(Parameter elevation Regression on Independent Slopes Model). Source: Huang et
al. 2016.

32 Hydrocl i mate, Tanded&seialnBcosystems

The large topographic variability and complex land use history of the Puget Sound region have
a profound impact on regional hydroclimate and terrestrial ecosystems. As in many other
mountainous regions, a considerable fraction of winter precipitation is stored in the form of
snowpack in upland watersheds and released during summer months. The range of hydrologic
regimes is especially diverse across the 21 watersheds that feed into Puget Sound due to the
high topographic gradientd roughly 20 percent of the land area is close to sea level and 20
percent is above 1,200 meters. Many of the larger rivers are managed, although the total
reservoir volume is relatively small compared to the amount of water stored in snowpack. Snow-
dominated headwater catchments are typically controlled by reservoirs operating for flood
control, hydropower, recreation, and conservation; while snow-rain transitional watersheds are
generally operated for water supply and contribute to diverse fluvial regimes at the estuaries
when finally converging with rain-dominated and mostly urban or agricultural watersheds. It is
becoming increasingly challenging to balance these competing needs (Cuo et al. 2011;
Polebitski et al. 2011) and to simulate how future flows might change under different scenarios
(Cuo et al. 2011; Traynham et al. 2011). The warming climate is anticipated to reduce winter
snowpack, further limiting summer flows, as well as raise the temperatures of snow-fed streams
and rivers (Lee et al. 2020; Mote et al. 2018; Yan et al. 2021).

Regional land use and land cover in the Puget Sound region have changed dramatically over
the past century and a-half to meet the demands of a growing population, and they continue to
evolve (Figure 6). Logging has been a dominant industry in much of the Pacific Northwest for
many years, leading to significant changes in regional landscapes and ecosystems (Bowling et
al. 2000; Gibbons and Salo 1973). Loss of riparian vegetation due to logging, in combination
with warmer winter climate and reduced snowpack, has resulted in decreased water availability
in summer and exacerbated warming in rivers, particularly in snow-rain transition watersheds
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(Yan et al. 2021). Increased riverine thermal input from changing climate and land use will likely
affect the heat balance of Puget Sound (Cao et al. 2016), which in turn affects its estuarine
ecosystem (e.g., Moore et al. 2015). Economically and ecologically valuable Pacific salmon and
steelhead are increasingly stressed, which has led to the listing of many populations under the
United States Endangered Species Act and significant investment in restoration efforts
(Fullerton et al. 2022). Affected hillslope hydrology compounded with evolving fluvial
morphology has also influenced water management and affected the sediment load of rivers
across the region (Scott and Collins 2021).

2006-2017 HRCD e
Puget Sound = -
Change Map

* 251,440 Change events
* 367,070 Change acres

Wenatchee

Aberdeen

Scale: WRIA 3 outlined ~366,000 acres

Event size is
exaggerated for
visibility.

Green: Forestry,
Pink: Tree Removal (non-Forestry) e

akima
Orange: Development Esri, HERE, Garmin, © OpenStreetMap contributors, and the GIS user community

Figure 6. 20061 2017 high-resolution land cover change detection map of the Puget Sound
region. Source: Puget Sound National Estuary Program 2020.

Urban development in the Puget Sound lowlands has increased dramatically over the past
several decades (Alberti et al. 2004; Hepinstall-Cymerman et al. 2013). This urbanization has
had a profound influence on regional hydrology and flood regimes (Cuo et al. 2011, 2009);
ecosystem dynamics (Moscrip and Montgomery 2007); river, coastal, and nearshore water
guality (Alberti and Bidwell 2005; Feely et al. 2010; Sun et al. 2016); and a host of other
environmental processes. Urbanization tends to fragment Earth systems to the point that their
environmental functions, such as draining or filtering water, are degraded. Housing density and
parcel position have been found to be good predictors of land cover composition changes, with
implications for both urban planning and modeling of the impacts of urbanization (Figure 7).

In contrast to climate-related changes, which generally reduce summer water availability,
urbanization-related changes are projected to increase annual streamflow in lowland streams
and increase the aggregate inflow to Puget Sound (Cao et al. 2016). Simulations focused on
urban catchments in the Puget Sound basin (Sun et al. 2016) also suggest that urbanization will
have greater effects than climate change on the magnitude and seasonal variability of
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streamflow, sediment, and phosphorus loads. Brandenberger et al. (2011) reported changes in

hypoxia levels in Puget Sound pre- and post-urbanization, while noting the potential influence of

climate oscillations when explaining water quality variability. Alberti and Marzluff (2004)

concludedthat more research on urban patterns was need
ecosystem functions in urban ecosystems,0 and wor kshop participants i n¢
research gap has only grown over time. Some of the human system dynamics associated with

urbanization, such as population dynamics and infrastructure, are discussed in the Human

Systems (Section 3.4 below).
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Figure 7. Distribution of land cover across parcels with different land use in King County, WA.
Source: Alberti and Marzluff 2004.

The terrestrial ecosystems around Puget Sound have been profoundly impacted by logging,

urbanization, water management, and other human activities. A number of groups have

developed detailed high-resolution models capable of resolving many of the key land system

processes, often with an emphasis on the influence of wildfire, forestry practices, urbanization,

and other management decisions on water resources (e.g., the Distributed Hydrology Soil

Vegetation Model DHSVM). As noted above, several tools have also been developed to study

land use and land cover changes in the region. In general, however, there has been

considerably more attention in the published literature given to Puget Sound coastal and marine

ecosystems than to terrestrial ecosystems in the surrounding watersheds. There is an

opportunity to leverage, connect, and extend existing tools, includngE3 SM6s | and model a
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other tools that have not previously been used to study Pacific Northwest terrestrial ecosystems
in detail.

A number of additional observational, modeling, and knowledge gaps also exist in
understanding integrated hydro-terrestrial systems around Puget Sound. For example, despite a
number of field campaigns (e.g., OLYMPEX), observations of snowpack, soil moisture, and
water quality have major observational deficits that in turn constrain model development,
calibration, and validation. Improved modeling approaches for representing hydrological,
ecological, and biogeochemical processes in regions with large topographic gradients are also
needed, and they need to include the influence of variabilities patterns and the changes induced
by long-term warming, human development patterns, and other stressors. There is also a need
to improve the coupling of climate projections with water management activities, such as the
growth in multisectoral water demands and implications for both water quality and water
availability across the region. Projecting future changes in hydropower resources in the context
of climate change, land use changes, and competing water management objectives such as
flood control is a major challenge for the Pacific Northwest as well as many other regions.
Additional research needs identified by workshop participants related to terrestrial systems are
described in the final section of this report.

3.3 Coast al and Mari ne

A large number of academic, federal, state, local, tribal, and nongovernmental organizations are
also involved in monitoring and modeling Puget Sound itself. For example, multiple groups have
developed high-resolution coastal ocean models capable of representing tidal circulations,
waves, storm surges, tsunamis, sediment transport, biogeochemistry, and other processes in
Puget Sound and the broader Salish Sea (e.g., Salish Sea Model, LiveOcean, SalishSeaCast
NEMO Model, PS-CoSMoS). These models require extremely high resolution to account for the
complex flow patterns arising from Puget Sound©és
bathymetry. There has also been considerable work done to understand regional sea level rise
(e.g., Miller et al. 2018; Seattle Public Utilities map of Sea Level Rise; NOAA Sea Level Rise
Viewer), and regional planners have started to incorporate these projections into decision-
making about urban planning and adaptation (e.g., Raymond et al. 2018; Feifel and Braddock
2021; Island County Sea Level Strategy 2020). Fewer entities have considered the combined
impact of sea level rise, climate change, and land use land cover change on salinity intrusion,
though it has been shown that all three processes are important to consider (Yang et al. 2015).

Puget Sound is home to a huge range of species, with complex food webs spanning the
nearshore, pelagic, and intervening areas, all of which are strongly influenced by the influx of
freshwater, sediments, and nutrients from rivers and nearshore environments (Ruckelshaus and
McClure 2007). As in many heavily developed coastal environments, Puget Sound ecosystems
have been impacted by a variety of human activities, including forestry, agriculture, urban
development, dams, and the attendant changes in runoff, sediment, and pollutants. Key
conservation species like the salmon and orca, both of which have been declining in numbers,
have been a major driver for understanding regional hydrology and water quality (Figure 8).
Puget Sound is a hotspot for early market tidal energy development (Yang et al. 2021), and the
physical and ecological implications of widespread tidal energy deployment are largely
unknown. A number of groups, sStoenvatealdeatindpeandNat ur e C
entities such as the Puget Sound Partnership and its Puget Sound Ecosystem Monitoring
Program, have developed tools to help understand Puget Sound ecosystems and the factors
influencing them. The shared water boundary with Canada creates interesting transboundary
management challenges across terrestrial, freshwater, estuarine, and coastal ecosystems.
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Figure 8. Survival rates of three species of salmonidsd the Chinook, the coho, and the
steelheadd have experienced sharp declines in Puget Sound since the 1970s.
Source: Adapted from Salish Sea Marine Survival Project by Long Live the Kings.

While robust data and modeling capabilities exist for many of the systems in Puget Sound, there
are still a number of capability and knowledge gaps, as well as a need to better understand and
simulate how hydroclimate, riverine, marine, and human systems interact. For example, there is
a need to better model surface and groundwater interactions as well as bi-directional subsurface
exchanges along the shoreline, especially with respect to saltwater intrusion and lowland
agriculture impacts. Modeling within ecosystems has strengths, but there is need for better
coupling across ecosystem boundaries, especially between small-scale ecosystem models and
larger representations of climate in the nearshore area and the freshwater-estuary interface
(e.g., marshes). Tidal cycles and their interactions with river discharge, wave, extreme weather
events (e.g., wind) and sea level rise need to be more comprehensively represented, as well as
the potential environmental effects of tidal energy development. Additional study of the potential
impacts of sea level rise will also be critical to understand the visibility and severity of impacts in
the region, especially with highly urbanized areas occupying a significant portion of the interior
coastline.
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